Diffusivity in microchannels at low Péclet numbers by Ghosh, Somnath et al.
Diffusivity in microchannels at low Péclet numbers               
Somnath Ghosh, Dirk van den Ende, Frieder Mugele and M.H.G. Duits 
                                              s.ghosh@utwente.nl  
Introduction 
 We focus on the flow behavior of dense hard sphere colloidal suspensions inside microchannels at 
low Péclet (Pé) numbers. 
 
 Systematic measurements of the flow and concentration profiles as well as the apparent diffusivity 
(normal to the flow), while gradually changing the flow rate (Pé ~ 0 to 35), are presented.  
 
 The Pé number is defined as the ratio of the Brownian diffusion time and the characteristic time of 
the shear flow [ Pé = 
𝜏𝐵
𝜏𝐶
 = 
6𝜋η0γ
′𝑎3
𝑘𝑇
 ]  
Silica spheres in MeOH/CHBr3, 
ϕ ≈ 0.35, Pe=0.19  
Silica spheres in Water/Glycerol, 
ϕ ≈ 0.32, Pe=0.47  
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 Pe= 0.31     Pe= 4.34
 Pe= 7.31     Pe= 11.83 
 Pe= 15.69   Pe= 20.23 
 Pe= 22.65   Pe= 26.76 
 Pe= 29.28   Pe= 31.43  
 Pe= 33.42   Pe= 34.52 
Flow 
Conclusions 
Velocity profile Concentration profile Apparent diffusivity normal to the flow 
 Profiles are obtained half way of the channel in a horizontal plane 12 μm from the bottom layer. 
 
 Bulk volume fraction ‘ϕ’ of silica in Water/Glycerol system ~ 0.32. 
 
 The Mean Square Displacement (MSD) is a measure of the diffusivity. Here, the MSD is  
     measured normal to the flow : <∆y2> = 2 D┴ t . 
Conventionally, due to shear induced migration, particle concentration increases at the  
channel center which is , in this case , missing at low Pé flow. 
 
Most intriguing is the apparent diffusivity (D┴). At very low Pé number (~1), ‘D┴’ is lower at 
the channel center, but ‘D┴’ increases gradually with increasing flow rate.     
 Set-up     
CSLM: 488 nm (λwave) 
@ 15 mW 100X /oil 
objective,10 to 15 fps 
glass cover slip 
PDMS 
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